Solar PV Plan Review & Inspections (Doug Smith — WC-3) 2/4/2024

Inspector/Plan Reviewer for over 19 years
19 ICC certifications
Certified ICC Master Code Professional and CBO

SoLAR PV PLAN
R EVI Ew & I N S P E CT I o N S Taught electrical, solar PV, and ESS classes for over 13 years
Performed well over ten-thousand electrical, solar PV, and ESS

(BASED ON THE 2021 /RC/IFC, plan reviews

|y Ry

AND 2020/2023 NEC) O Serve on NEC CMP 10 representing IAEI
Q Currently serve as a Technical Committee (TC) Member for the
following UL standards:
= UL 61730 (previously 1703) — Flat-Plate PV Modules and Panels
Copyighte WC3 2024 = UL 1741 - Inverters, Converters, Controllers, and Int. equip...
= UL 2703 - PV Mounting Systems/Clamps/Gnd. Lugs
= UL 6703 — Connectors for Use in PV Systems
= UL 9540 - Energy Storage Systems and Equipment
1 2
0O The objective of this presentation is to explain the core NEC/IRC 1. PV Modules and Module Interconnections
requirements that govern solar photovoltaic (PV) systems and explain the 2. Inverters
inspection and plan review processes for them. This presentation is based B
on the 2020/2023 NEC and 2021 IRC/IFC. 3. Rapid Shutdown ,
O The intent of this information is to be used as a guide only. This 4. Micro Inverters VS Strlrﬁg Inverters
presentation is not intended to indicate any change in any code or local 5. IRC Roof Access Requirements
requirements by inference or omission. All diagrams are for illustration 6. Wiring Methods
purposes only and actual wiring and installation may vary. This 7 G di d Bondi
presentation is not intended to indicate if one piece or particular brand of ’ rgun ing an on !ng .
equipment is better than another. Also, efficiency and ideal design 8. Point of Interconnection Requirements
considerations are not addressed herein. All applicable codes, standards, 9. Example Plan Reviews of PV Systems

and manufacturer requirements must always be followed when designing,
installing, and inspecting any electrical system, including solar PV and/or
battery/energy storage systems.

10. Solar PV Inspections:

Roof-Mounted Systems

Ground-Mounted Systems

General Equipment & Wiring Requirements
Solar PV Signage

A w N
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

PV Modules
(solar panels)

Copyright West Coast Code Consultants
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Q All photovoltaic modules must be listed as meeting UL
UL 61730 (1703).

O NEC 690.4(B)

Copyright© WC3 2024
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APV cells make
up a PV module
(solar panel).

QAIl modules (solar panel)

togetherin a
system make up

the array.
Array
Copyright© WC3 2024
6
PV Module
Interconnections
8
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Q A circuit with multiple
modules that are
connected in series is
referred to by the NEC as
a “PV Source Circuit,” but
is often called a string of

Series connected modules (solar panels):

Volts from each module add together but amps stay the same:

Note: these diagrams
are very basic in order

. A to explaiq the concept
1 of series versus
mOdUIeS by the PV U\String (NEC refers to this as a “PV Source Circuit”) parallel connections.
. . . . Most modern-day
industry (PV string circuit). systems are required
Parallel connected modules: to also include rapid
. o Amps from each module add together but voltage stays the same. shutdown components
Note: these diagrams are very basic in

order to explain the concept of solar
panels connected in series. Most
modern-day systems are required to also
include rapid shutdown components
(such components are not shown here).

(such components are

Note: solar panels are not shown here).

never connected in
this way, this is just an
example of parallel
connections.

+

Series connected modules

Copyright® WC3 2024 Copyright® WC32024
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Note: these diagrams are very basic in order to explain the concept of series

versus parallel connections. Most modern-day systems are required to also include
rapid shutdown components (such components are not shown here).
Copyright® WC32024 Copyright West Coast Code Consultants
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

RVETIENES

Q Inverters are required Solaredge®
for PV systems in UV KL
order to convert DC
power into AC power.

a In most cases,
inverter's AC output
voltage for residential
use is 240V single Enphase® 1Q7.m

icro inverter
phase.

SMA® SunnyBoy™
String Inverter

AP Systems® YC600
Micro inverter

Copyrighto WC3 2024
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Q Any PV Inverters
(commercial or
residential) that are
interconnected with the
electric utility grid must
meet UL 1741 and be
listed as “utility
interactive” having anti-
islanding protection,
NEC 705.40.

Copyright© WC3 2024
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lr1v/e2rters

D FOI‘ CommerCIal USG, SolarEdge® SE66.6kUS SMA® Tripower Corel-US
inverter's AC output I
voltage can be 208V,
240V, 277V, or 480
volts for 3 phase
systems (depending
on the model).

Advanced Energy®100kwinverter

Solectria® 60-95 kw inverter
Copyright© WC3 2024

Rapid Shutdown

Copyright® WC3 2024
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

690.12(B) Controlled Limits:

Q The use of the term array boundary in this section is
defined as (1 ft) from the array in all directions (and
3’ into the attic). Controlled conductors outside the
array boundary shall comply with NEC 690.12(B)(1) and
inside the array boundary shall comply with
690.12(B)(2).

Copyright® WC3 2024
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690.12(B)(2) Inside the Array Boundary:

Q The PV system must comply with one of the following:

= (1) “A PV hazard control system listed for the purpose (per UL 3741)
shall be installed in accordance with the instructions included with the
listing or field labeling. Where a hazard control system requires initiation
to transition to a controlled state, the rapid shutdown initiation device
required in 690.12(C) shall perform this initiation.”

= (2) “Controlled conductors located inside the boundary or not more
than (3 ft) from the point of penetration of the surface of the building shall
be limited to not more than 80 volts within 30 seconds of rapid
shutdown initiation. Voltage shall be measured between any two
conductors and between any conductor and ground.”

— B3PV arraysshal-have ne-exposedwiring melhedsno-exposed

NFPE 70, National Electrical Code

19

Copyright West Coast Code Consultants (WC-3)
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a (B)(1) Outside the Array Boundary. “Controlled

conductors located outside the boundary or more than
(3 ft) from the point of entry inside a building shall be
limited to not more than 30 volts within 30 seconds of
rapid shutdown initiation. Voltage shall be measured
between any two conductors and between any
conductor and ground.”

NEC 690.12(C) Initiation Device:
Q For a one-family and two-family dwelling, the initiation

device must be located at a readily accessible location
on the outside of the building.

Q The rapid shutdown initiation device(s) shall consist of

at least one of the following:
= (1) Service disconnecting means.
= (2) PV system disconnecting means.
= (3) Readily accessible switch that plainly indicates whether it is in
the “off” or “on” position.
Where multiple PV systems are installed with rapid shutdown functions on a single

service, the initiation device(s) shall consist of not more than six switches or six sets
of circuit breakers, or a combination of not more than six switches and sets of circuit

breakers, mounted in a single enclosure, or in a group of separate enclosures.

2/4/2024



Solar PV Plan Review & Inspections (Doug Smith — WC-3)
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Example of an older type of rapid
shutdown initiation device —
“Birdhouse” solar shut-off device by
MidNite Solar

Breaker

Pushbutton switch

The type of rapid shutdown initiation device used will depend on
the type of rapid shutdown components of the system.

Copyright© WC3 2024
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21 old Snutdoywi Slgnzce

O 690.12(D) [previously 690.56(C)] Buildings with
Rapid Shutdown. Buildings with PV systems shall
have permanent labels as described in 690.12(D)

Copyright© WC3 2024
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Copyright West Coast Code Consultants (WC-3)

2020 NEC 690.12(D) Equipment:

Q Equipment that performs the rapid shutdown functions,
other than initiation devices such as listed disconnect
switches, circuit breakers, or control switches, shall be
listed for providing rapid shutdown protection.

Tigo® TS4-R-S .
DC to DC Enphase®
converter micro inverter
Copyright® WC3 2024
22
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Hziold Snutdown Slgnzige
2020 NEC Figure 690.56(C), and
2023 NEC Figure 690.12(D)
(note: this sign was removed
from the 2020 NEC)
See also 1205.4 in the 2021 IFC for
similar requirements.
24
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NEC 690.12(D)(1) [previously 690.56(C)(1)]
Buildings with More Than One Rapid Shutdown
Type:

Q For buildings that have PV systems with more

than one type of rapid shutdown, or a PV
system with a rapid shutdown type and a PV
system with no rapid shutdown, a detailed plan
view diagram of the roof shall be provided
showing each different PV system and a dotted
line around areas that remain energized after
the rapid shutdown switch is operated.

old Sauedoyyy SyWitern) Slcrzle

NEC 690.56(C)(2) Rapid Shutdown Switch. A rapid
shutdown switch shall have a label located on or no
more than (3 ft) from the switch that includes the
following wording: “RAPID SHUTDOWN SWITCH
FOR SOLAR PV SYSTEM”

The label shall be reflective, with all letters capitalized
and having a minimum height of 9.5 mm (38 in.), in
white on red background.

Rapid Shutdown Switch

For Soflar PV System

Sign located next to the rapid
shutdown disconnect (and must
be reflective)

Copyright® WC3 2024
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Example of a plague showing which
portion(s) of the PV system are equipped
with rapid shutdown and which are not:

Copyright® WC32024
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Micro Inverter Systemii's

String Inverter Syst

Copyright® WC3 2024
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

Micro inverter
(Newer Enphase®
model)

Copyright© WC3 2024
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model)
(+and -) DC
leads coming out
of back of solar
panel (these
wires cannot be
shut down but
typically will not
have a voltage
over 30-40V DC)

Copyright© WC3 2024
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Copyright West Coast Code Consultants (WC-3)

Micro inverter
(Newer Enphase

2/4/2024

Example Micro Inverter Sys.
Enphase®IQ7+™

Grounding/bonding may vary at array Micro inverter
(Indicates supports) ~ supporttrack (Transparent View)
7
Grounding Iu -]+ -+ -1+ -+ -]+ ~
g lug Manufacturer
fagtory-
ingtalled
External #6 solid dopper juniction box
Equipment attached
Grounding Condjictér to pack of
0|ar panel
™
Micro Micro Micro Micro Micro
inverter inverter inverter inverter inverter
I -

AC circuit (with no neutral)

Inverters AC
Output circuit

| —S5—

20A Inverter AC output

" breaker to connect
Multi-conductor  Splice box to a sub-panel
Cable (3-box) or service panel

3 NOTE: this particular diagram is not required for the permit application. It's
Copyright® WC32024  only provided to show how the Enphase® IQ7+ ™ micro inverters connect together.

30

Example Micro Inverter Sys.

#12 AWG Enphase® cable which does
NOT include an EGC, therefore a separate

13 28:
frsiormis solid #6 cu EGC must be provided from
Modules each the roof jbox to the racking.

connecting to (3) #8 AWG THWN-2 Cu,
its own Two separate #12 AWG cu, 2. With #10 AWG Cu EGC,

%" EMT (buried portion of

Existing Service
panelbo:

e wire NM cable ran through
inverter. garage attic. White wirestobe  conduit to be PVC & min
taped as ungrounded of 18" deep)
conductors at all terminations)
(13 285w
Hyundai®

Modules each
connecting 1o
its own
Enphase®
1Q7+™ micro
inverter.

200A
Acdscmeatas
G0 rated AC
Combiner Jon
anlboard Lo
(deicaied only oo ey
@) #12 AWG o Sy By
J-box mounted Cu THWN-
at roof eave (for with #12 AWG
Gansiion ot EGC, in %
cable to THWN-2  EMT leading
Vireincondult.  from 100t Senvice
conductors
eave down to extending
AC combiner. to utility

Enphase®I[Q7+™
Micro inverter

32

Note: this wiring diagram is simply an example and does not take into effect
efficiency or ideal system design considerations. Diagrams may vary.

Copyright® WC3 2024



Solar PV Plan Review & Inspections (Doug Smith — WC-3)

toims® Mlero lnver

Example Micro Inverter Sys.

AP Systems® YC600

Grounding/bonding may vary at array Micro inverter #12 AWG TCER trunk

(14) 200w cable which includes a
Jinko® #12 AWG Cu EGC.
Modules, wih

. H i 1
All rails and modules must be bonded to the equipment grounding conductor! Three separate #12 AWG

Cu, 2-wire NM cable ran
through attic.

(3) #6 AWG THWN-2 Cu,
with #10 AWG Cu EGC,  gyisting Service
anelboard

%" EMT
=[[lf =11+ -+ -1+ . inverter. 60A rated AC combiner 60A
(Indicates supports) panelboard (dedicated
. () 250w ol ot solar PV
y Sinkow
(Tanspdrent View) oo

connecting
to.an AP Exisfing
Systems®

YC800 micro

— supporttrack inverter.
Micro Micro (9) #12 AWG
inverter - inverter 0 200w ke Cu THWN-2
inko

« -
with #12 AWG AC disconnect
%; J-box mounted w (as shown)
o — at roof eave (for ::fl ‘"d a is not required per the
" - connecting transition of NM eading NEC (for this particular
Multi éoglducto AC cirouit P cable 0 THWNZ from roof system), but may be
able Systems® wirein conduit: - gaye down to 1 Service
Inverters AC VG500 micro A combiner. required per the utilty. - dl ors
Output circuit inverter. extending
‘o uiilty

20A Inverter AC output

Must verify that 0
equipment grounding _4 v mf:f;:z_;‘;’;’;f“ Note: this wiring diagram is simply an example and does not take
conductor is part of ~ SPlice box ! into effect efficiency or ideal system design considerations.
(3-box) or service panel AP Systems® YC600 Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S

the cable assembly Micro inverter REQUIREMENTS and APPLICABLE CODES.

NOTE: this particular diagram is not required for the permit application. It's

Copyright® WC3 2024 only provided to show how the AP Systems® micro inverters connect together.

Copyright© WC3 2024
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Example String Inverter Sys. 4
Solaredge®
Grounding may vary at array Power Optimizer
. (DC to DC converter)
(indicates supports) ~ supporttrack (Transparent View)
-1+ -1+ -1+ -+ -1+

External #6 solid cgpper
Equipment
Grounding Conductor

C to DI ) C to D C to DI C to DI C to D

onvert Convert} (Convert| (Convert| Convert |

Solaredge®

/ DC cireuit string inverter
fsan

Inverter AC
Output circuit

Inverter AC output

2 breaker to connect
n to sub-panel
) 5%‘?;] :;”‘ or service panel
Multi-conductor
Cable
Copyright® WC32024 NOTE: this particular diagram is not required for the permit application. It's

only provided to show how the SolarEdge® Power Optimizers™ connect together.

Copyright© WC3 2024
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

"

Example String Inverter Sys.

SolarEdge Power Optimizer cable/#10
AWG Cu PV Wire, and a solid #6

Coppor EGE oxcning fom mox 0
ool rckingimodesioptmizer. )W T2 v AW
9 (2) #10 AWG THWN-2 Cu, with #10 Cu EGC, %" EMT

Existing 200A Service
panelboard

(24) 265W (3)#8 AWG THWN2 Cu
Trina Solar| HDWave®| #5 AWG Cu EGC, %" ENT
= 150A

100A rated sub-
panel (new)

(2) 410 AWG THWN2 Cu,
with #10 AWG Cu EGC, %"
EMT, wiing in attc of
detached garag

AC disconnect (i
required by uiity)
Existing
" AC combiner
Optimizer™) Wi panelboard

Soladeck® ed Cuds  (dedicated for
J-boxes Vi Gc, the PV system)

inverter) o utility

sub-panel.

olaredg
Power Optimizer Note: this wiring diagram is simply an example and
(DC to DC converter) does not take into effect efficiency or ideal system

SolarEdge® HDwave® inverter
design considerations. Diagrams may vary.

Copyright® WC3 2024
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: ne Dizigrzim (for G
) > Jlz1e)r= (1o >/
) = e ‘ \ F Wy
f 10lcd SAUscdolWV) = %)
(6) #10 AWG Cu PV Wire,
and a solid #6 copper
12) 280w EGC extending from each
S s 100f J-box to roof
modules. racking/modules, wiring (3) #8 AWG THWN-2 Cu,
each with a in free-air under modules with #10 AWG Cu EGC,
Tigo® TS4-R- v EMT Existing Service
SDC 1o DC panelboard
converter in () #10 AWG THWN-2 Cu,
Series with #10 AWG Cu EGC, 200
ENT, wiring in attic
200w
SolarWorld®
odules
each witha
Tigo® TS4-R-
SDCto DC 150
converter in
series. Existing €|
loads
22 e
SolarWorld® interface
odules
A '\ AC disconnect located
nexttoinverter inthe  Existing
SDC to DC -
Sonvener n Tigo Cateway o6 see mvaner s oy sund
shutdown of system tant RS-485 not next to 404 AC Feeders
e sy s
n o existing  conductors
e e sub-panel extending
Jusiedoli conaun ners inhome. o utlity

modules)

Note: this wiring diagram is simply an example and does not take into effect
efficiency or ideal system design considerations. Diagrams may vary.

TS4-R-SDC to

SMA® SunnyBoy " Inverter DC converter )
Copyright® WC3 2024
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1
]

Example String Inverter Sys.

Grounding may vary at array

[y gy g o

Inverter

[ W e e Y W

DC Disconnect

uuuuuuuuuuun_i

240V Inverter
AC output —>|

circuit
Inverter AC output
breaker to connect
to sub-panel Neutral
or servicepanel
240V AC ]

Note: This is an example of an older system that does not have rapid shutdown components.
Most modern-day systems are required to include rapid shutdown components.

AC Disconnect

2/4/2024
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

Per the 2023 NEC, Section 690.12, non-enclosed detached
structures do NOT require rapid shutdown functionality.

Copyright© WC3 2024
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Copyright© WC3 2024

43

Copyright West Coast Code Consultants (WC-3)
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A - = - Yor) o, Yo e [ = )
DC Sround Fauly Protecilon (GFPD)

a PV systems operating at
over 30V DC or 8 amps
are required to have DC
ground fault protection,
NEC 690.41(B).

Q Most PV inverters
incorporate a DC GFPD
(always verify with the
inverter manufacturer?).

d SMA® SunnyBoy ™ Inverter
Solaredgea

Note: even micro inverters are
required to have listed DC
ground fault protection.

Copyright® WC3 2024
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Tesla® shingle
systems are required
to have what Tesla
calls middle circuit
interrupters (MCls)
throughout the solar
array in order for the
system to be rapid
shutdown compliant.

Copyright® WC3 2024
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

IRC Roof Access
Provisions
(per the 2021 /RC)

Copyright®© WC3 2024
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Minimum of one 3’ wide
pathway from eaveto ridge
on each plane of the roof
with solar panels. The 3’ wide
pathway is permitted to
straddle a hip or valley or be
located on an adjacent plane
of the roof.

Note: these
clearances are not
required if waived
Minimum of 3’ from top of by the Fire
solar panels to ridge Depanmeijire
Marshall

If solar modules cover more
than 33% of the roof (for a
Minimum of one 3’ wide non-sprinklered home) or more
pathway from eaveto ridge. than 66% of the roof for a
sprinklered home, then must
have 3’ clearance at ridge.

Copyright®© WC3 2024
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If the total roof is not covered by
Minimum of one 3’ wide more than 33% with solar
pathway from eaveto ridge. modules (panels), then the
distance from the panels to the
ridge of the home can be not
less than 18”.
If the home is equipped with a
NFPA 13D sprinkler system, the
roof is permitted to be covered
Minimum of 18" from top up to 66% with solar panels.
of solar modules to ridge
Note: these clearances are not
required if waived by the Fire
Department/Fire Marshall
Note: fire spacing clearances
Minimum of one 3’ wide are not required for non-
pathway from eaveto ridge. habitable detached structures,
or for roofs having a slope of
2/12 or less. -
Copyright® WC3 2024
48
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Wiring Methods

Copyright® WC3 2024
Copyright© WC3 2024
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Vire T

L—

Q For PV DC circuits exposed
outside, listed “PV wire” or
USE-2 and RHW-2 wire must
be used (and marked as
sunlight resistant), NEC
690.31(C)(1).

Q Cables to be secured every
24’ using listed ties, straps,
hangers, etc., where

exposed. Wiring is not properly
.. . . supported and is not
Q Wiring is also required to be kept up of the roof's

protected from physical surface.
damage per NEC 300.4

Copyright® WC3 2024
Copyright® WC3 2024

51 52

Copyright West Coast Code Consultants (WC-3)
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

FoEN Y -
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590,31 (C)(8) Multdconducior Cznle

Multiconductor Cables:

Q Where part of a listed PV
assembly, multiconductor
jacketed cables shall be installed
in accordance with the included
instructions.

QO Where not part of a listed
assembly, or where not
otherwise covered in the NEC,
multiconductor jacketed cables,
including DG cable, shall be
installed in accordance with the
product listing and shall be
permitted in PV systems and
must meet the requirements of
items 690.31(C)(3)(1) and
©E)Q).

Copyright® WC3 2024
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Y“Mire Protzcilon

(wWhare DC conduciors sira readily siccassiola)

Fence around array
could potentially be
considered as “guarding”
the wiring at the array, if
approved by AHJ.

Wires located in readily accessible locations shall be

installed in raceways, MC cable, or be guarded, NEC 690.31(A).

Copyrighto WC32024
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Copyright West Coast Code Consultants (WC-3)
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YWire Protzcclor)

(wrzre DO conductors zira razadily 2iccassiola)

NEC 690.31(A):

Q Where PV source
and output circuits
operating at voltages
greater than 30 volts
are installed in readily
accessible locations,
circuit conductors
shall be guarded or
installed in Type MC
cable or in raceway. “Guarded circuit conductors?

Copyright® WC3 2024
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Necassiule DO YWiringy

Ground-mount solar array — DC wires guarded?

Copyright® WC3 2024
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

AN RVIEI S

690.31(D) — DC Circuits infon Buildings:

O Whenever dc circuits for PV systems operate over 30V
or 8 amps and are inside a building, such circuits must
be in metal raceways, MC cable, or metal enclosures.

= New exception: Non-metallic enclosures, raceways, or cables
that are part of a listed PV hazard control system are permitted at
the point of penetration of the building to the PV hazard control
actuator.

57

Copyright® WC3 2024

Grounding and Bonding

Copyright® WC3 2024
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Copyright West Coast Code Consultants (WC-3)

690.31(D)(2) — Markings/Labels:

Q There must be provided labels on the exterior of all
exposed raceways, enclosures, boxes, and conduit
bodies. The wording of the labels must state either of
the following: “PHOTOVOLTAIC POWER SOURCE” or
“SOLAR PV DC CIRCUIT.”

Copyright© WC3 2024

58

Equipment to be grounded:

O NEC 690.43: The metal parts of all modules, support
rails, elect. boxes, and other equipment associated with
the PV system must be bonded together and connected
to an equipment grounding conductor.

O 690.43(A): Devices and systems used for mounting PV
modules that are also used for bonding module frames
shall be listed, labeled, and identified for bonding PV
modules. Devices that mount adjacent PV modules
shall be permitted to bond adjacent PV modules.

Copyright® WC3 2024

60

2/4/2024
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

zicsdne) YWitn Jntacrartad Sopnding

(Gl

SnapNrack® racking with integrated bonding

Bonding ring digs into rails T-clamp pin digs into the PV modules (panels)
Copyright®© WC32024
r 1 \ PRV LD P - Lo, — = . - B
Bonding Meial Paris To The Bquloimsir:
Grounding Conducior (260)
0 = Listed device for bonding frames of solar panels to support rails
¥~ Listed outdoor-
rated grounding lug
Equipment
Grounding
Conductor
(EGC)
Listed outdoor-
./ rated grounding lug
Copyright®© WC3 2024

Copyright West Coast Code Consultants (WC-3)

SroUnd-Molnizd Sysiomn fzclidng

Yikh Jntegraizd Soncding

Copyright© WC3 2024
62
rc rJJ ARSI IS A S EA fj ‘Jrr\ [y
~orlellr) ‘J JJJJJJJ ot Aol 1MMoclll=2s
Equipment
Grounding
Conductor
(EGC)
Listed outdoor-
rated grounding lug
If listed bonding devices are not used, each module and each rail
must be individually connected to the equipment grounding
conductor.
Copyright© WC3 2024
64

2/4/2024
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Solar PV Plan Review & Inspections (Doug Smith — WC-3)

690.45 - Size of EGCs:

Q 690.45 of the 2020 NEC notes that it is not required to
increase the size of the equipment grounding
conductor (EGC) to address voltage drop
considerations.

Copyright® WC32024

65

Enphase® IQ7+™

Grounding/bonding may vary at array Micro inverter

(Indicates supports) ~ supporttrack (Transparen[ View)

.
72

Grounding lug -1+

External #6 solid dopper
Equipment
Grounding Condjictor

™S

Micro Micro
inverter inverter

P—

AC circuit (with no neutral)

Inverters AC
Output circuit

20 Inverter AC output 4
breaker to connect
Multi-conductor  Splice box

Cable (3-box)

to a sub-panel
or service panel

. NOTE: this particular diagram is not required for the permit application. It's
C ht© WC3 2024 . P
opyTig only provided to show how the Enphase® IQ7+ ™ micro inverters connect together.

67

Copyright West Coast Code Consultants (WC-3)
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2020 NEC 690.47(A) - Grounding Electrode System:

Q A building or structure that supports a PV system must
have a grounding electrode system (per Part Il of NEC
Article 250).

Q For connection of the PV system to the grounding
electrode system, either of the applicable following
methods must be used:

= PV systems that are NOT solidly grounded (such as functionally
grounded systems) the equipment grounding conductor (EGC) of
inverter’s ac output circuit is permitted to be the only connection
to ground for the PV system when such equipment ground wire is
connected to a distribution system that is already connected to a
grounding electrode system.

= The second option applies to solidly grounded PV systems (see
690.47(A)(2). These systems are very rare.

66

Solaredge®
Power Optimizer E
(DC to DC converter)

Grounding/bonding may vary at array

(indicates supports) ~ supporttrack (Transparent View)
-1+ -+ -1+ -+ -1+
External #6 solid cgpper
Equipment
Grounding Condujctor
C to DAT ) C to D C to D C to D C to DX
onvert | Convert | [Convert | IConvert | {Convert |
b Solaredge®
Cireuit string Inverter
il Inverter AC
H= - Output circuit
7y b Inverter AC output
breaker to connect
to sub-panel
) R or service panel
Multi-conductor
Cable

. NOTE: this particular diagram is not required for the permit application. It's
Copyright® WC3 2021 only provided to show how the SolarEdge® Power Optimizers™ connect together.

68
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Point of
Interconnection
Requirements
(Article 705)

Copyright® WC3 2024
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Multlole Soureas of Povwar

705.10 — Identification of Power Sources:

Q A permanent plaque or directory is required to be
installed at each service equipment location (or other
readily visible location). Such must denote the location
of each power source disconnecting means for the
building or structure and be grouped with any other
plaques or directories.

Q Such plaque or directory must be marked with the
words “CAUTION: MULTIPLE SOURCES OF POWER.”

71
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230.46 — Splices and Taps

Q Effective January 1, 2023 any pressure connectors and
devices for splicing or taps onto service conductors
must be marked “suitable for use on the line side of the
service equipment,” or equivalent wording.

Copyright© WC3 2024

70

Connecting The PV System To The Bld’s Elect. System:

Q There are 2 general places a PV system can potentially
connect to a building’s electrical system:

= On the supply side (line side) of the building’s main
service disconnect.

= On the load side of the building’s main service
disconnect.

Copyright® WC3 2024
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PPS To Power
disconnect > Production
and OCPD System

(PPS)

Supply-Side
Interconnection

H To Bld
To Service N
electric ( i Electrical

utility and OCPD zgsatjsn)]
To Power
PPS "
. disconnect Production
Load-Side and OCPD System
i (PPS)
Interconnection
’—‘- To Bld
St .
o d's?g\:\lﬁzct Electrical
e € ndOCPD | System
uiy = (loads)
Copyright© WC3 2024
Upply-Side Intereonnzciion

A power
production
system
connection to
these service-
entrance
conductors is
ONE example of a
supply-side
interconnection.

basic layout of the service equipment. The
intent is NOT to point out every code

violation of the install.
Copyright© WC3 2024

75

Copyright West Coast Code Consultants (WC-3)

74

76

2/4/2024

0 oly ne) Slde Counneciion

NEC 705.11:

Q An electric power production source is permitted to be
connected on the supply side of a service disconnecting
means per 230.82(6). Such interconnection must also
comply with the other requirements of 705.11.

= Note: 230.82(6) specifies that solar PV systems are permitted to
be on the supply side of the service disconnecting means if the
PV system disconnecting means is listed as suitable for use as
service equipment.

Suooly Jine) side connsstion

Supply

interconnection
(Outsidethe home) conductors cannot (|n5ide e home)

be smaller than #6
AWG cu, or #4
alum. (per NEC
705.11(B) - see £

I 2
e roekers) also 23030 or g:;‘gaggf"ce Supply-side
230.43for wiring connection

methods)

e
SolarEdges
Pass-through (string inverter) |
breaker or fused
disconnect 1
(must be listed
as service
S o
equipment, per m/
NEC 705.11and
230.82(6))
Inverter’'s AC output Neutral and
Bl grounding
circuit wiring conductors
Utility lateral - (EGCs &
conductors DC wiring from GECs) not
one or more PV shown on
strings this slide 2//—
- =t
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cog w,jr o1 (2020 NE
Inslde

& (Inside the ﬁme or bld) & % ) ,
Single-Phase Service

Conductors are limited Equipment

to 10’in length when
m’yL F the point of
connectionis made

(Outside the home or bld)

Supply-side
(point of connectig

Meter Equipment ice Di
(meter enclosure) quip Service Disconnect

and OCPD
= To Bld
inside of a dwelling, or To @ Y < Electrical
16.5’where made electric e |
inside of a non- - ) 1 System
dwelling (per 2020 A T N T (loads)
NEC70511(C)(1)) } ;ﬁggleu
fg;\gﬁ;ﬁr’]gance I 5% conducto g L M
o S dge@ e | Power Production
H ;
eitaginugtion ) ) . A (grounded; | | System Disconnect
Note: There are various Main Bonding 1
opinions and interpretations
throughout the industry on Jumper GEQ : —>» To Power
how main bonding jumpers v 1 > :
';fgﬁ:;;’;’ and grounding electrode o Groundi 1 e Production
conductors B L. conductors should be 0 Grounding LI System
(EGCs & installed for a power Electrode System
GECs) not R : production system
shown on breaker or fused ; G L F disconnect on a supply-side . \
this slide disconnect NESieneACiotipUy - interconnected system. Disconnect must GEC . )
(must be listed cireuit wiring _— be listed as To Grounding Main Bonding
as service DC wiring frol H Jumper
RO e arimaEr suitable for use as Electrode System P
NEC 705.11and strings service equipment

230.82(6))

ht© WC32024 ar ar Copyrighto WC32024

77 78

conidntscd,, ST
vomtor : o
i i Supply-sidetaps (point o i grounding conductors (EGCs
a Thls.partlcular quare D e e pass o e s ko o he s
service meter-main combo or fused

(mustbe listed as
service equipment, per
CEC705.11and

230.82(6))

panelboard allows for
supply-side
interconnections to be
made to the busbars
located above the main
breaker (see Square D
model SC2040M200PS)

Inverter

Note: this method is no
longer allowed per the
2023 NEC!

Exsing Ex\sﬂng
w
e breaker

Inverter AC Output circuit
I (neutrals and grounding
Max length of 71 feet conductors not shown)

For non-dwellings, the overcurrent protection device can be located within
71 feet (maximum conductor length) as long as cable limiters are
provided for each ungrounded conductor. The cable limiters would need
to be within 16.5 feet of the point of connection (maximum conductor length).

Note: this image is provided to show
abasic layout of the service
equipment. The intent is NOT to
point out every code violation of the
instal.

Copyright® WC3 2024 Copyright® WC32024

79 80
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Suovoly (Hne) slde connscilon conilnlad,,, Suovoly (Linz) sldz conns ) conilnuzcdi

Examples
of cable
limiters

What about supply-
side connections
made with a breaker?

Note: these images are provided to
show a basic layout of the service
equipment. The intent is NOT to point
out every code violation of the install.

81 82

1 1s Provideacd =

]
y Condiertors

Suooly (Lineg) slde connaciion continysd,.,

In this scenario any disconnect or
panelboard on the load side of the
service breaker is NOT treated as
service equipment, NOR can there
be any neutral-to-ground bonding
connections in it/them.

To Power
Production
System

NOT SERVICE
EQUIPMENT
Note: this image is provided to show a basic layout of

the service equipment. The intent is NOT to point out
every code violation of the install.

Copyright® WC3 2024
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P

Line
(supply)
side
breaker
slots

. Note: these images are provided to s a basic layout of the service
Copyright© WC3 2024 equipment. The intent is NOT to point out every code violation of the install.

85

— N i AP et ey | Ry = e
Poeinole sorvics vzneloozirds

Line
(supply)
side
breaker
slot

Loa
bre:
sl Load side
breaker

slots

Note: these images are provided to show a basic layout of the service

Copyright® WC3 2024 equipment. The intent is NOT to point out every code violation of the install.
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Soeziinols soryie o
2Lzl ole Servlecs uzinelouzlrds
Load side
breaker
slots
(sup
bre
Note: these images are provided to show a basic layout of the service
equipment. The intent is NOT to point out every code violation of the install.
Copyright® WC3 2024
—_ ,
Il ot fy = ey . SIS
2N ol sarvics gzinel o

breaker slot

) Note: these images are provide
Copyright® WC3 2024 equipment. The intent is NOT to point out every code violation of the install.
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Supply (Iine)—>|:|
side

Load side

Load side

Copyrighto WC32024 equipmém. The intent is NOT to point out ry ‘code violation of the install
e =7, c i e
Lozid-Slda Connacilons
Grounded condustors and
grounding ductors (EGCs &
GECs) not shown on this slide
PV
Backfed
Breaker
Load-side connections need to comply with the requirements of NEC 705.12(B).
Copyright© WC3 2024
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Service
conductors Each breaker shown would be
considered a Main Service Disconnect

(maximum of 6 allowed)

—
I
The PV backfed breaker could be as large as the rating of the
service conductors |F the service equipment manufacture’s listing
allows that size of breaker to be connected at the breaker slot.

Supply-side connections are allowed per NEC 705.11.
Copyright® WC3 2024
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Lozid Slde Connactlons — 705,417

O Load side connections occur on the building’s
side of the main electrical service disconnect(s).

Q The requirements of NEC 705.12 in the 2023
NEC are similar to those shown in 705.12 of the
2020 NEC, with a few minor changes.

Q For the purposes of this presentation, the
methods of load side interconnections per
the 2023 NEC will be shown on the following
slides.

92
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= ) o Cllls e CCerntellil e ia
/U‘JJJLU;/‘ or () - 2uUs or Conddll ,

Arnozelty fzrilng

Bus or Conductor Calculations:

Q 125% of the inverter(s) AC (or “power source”) output
current is to be used when determining the ampacity
calculations of 705.12(B)(1) through (B)(3).

Copyright© WC3 2024
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—

705,12(N)(2) (Feadars) continuocdi,

)
)=

Q If the PV connection to a feeder is not at the opposite
end of the feeder from the feeder’s main breaker
(primary overcurrent protection device), the feeder’'s
ampacity on the load side of the PV connection must be
as per NEC 705.12(A)(2)(a) or (A)(2)(b):

a) The feeder ampacity must not be less than the sum of the

primary source OCPD and 125% of the inverter(s) (power
source) output current.
OR
b) An overcurrent device on the load side of the inverter (power
source) AC output connection must be rated not greater than the
ampacity of the feeder.

95
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Feeders

@ When an inverter (“power source”) connection is made
to a feeder, the feeder is required to have an ampacity
not less than 125% of the output current (amps) of the
inverter(s).

Q Per 705.12(A)(2), when the inverter (“power source”)
AC output connection is made to a feeder at a location
other than the opposite end of the feeder from the
primary source overcurrent device, the portion of feeder
on the load side of the inverter (“power source”) output
connection must be protected by NEC 705.12(A)(2)(a)
or (A)(2)(b).

94

Option “a”: The feeder must have an ampacity of the sum of the primary source OCPD
and the inverter AC output amps x 1.25:

From PV inverter
150 amp breaker

PV disconnect
with 40 amp
PV breaker (or
fuses)

(feeder
Taps)

(Inverter output 32A x 1.25)

150A + 40A= 190 amps — 2/0 aluminum is too small!

Copyright© WC3 2024
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lJrlolz rod JOJLlor)
| = = — = =) IERY

ZC 70512 () (=) (=)

Option “a”: The feeder wires must have an ampacity of the sum of the
primary source OCPD and the inverter AC output amps x 1.25:

Neutral conductors and
grounding conductors (EGCs &
2/0 wire ‘GECs) not shown on this slide.

40A PV Breaker

Feed through lugs

(Inverter AC output amps x 1.25)

150A + 40A= 190 amps — 2/0 aluminum is too small! Copyrighto WC3 2024
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Option “b”: An OCPD on the load side of the inverter (power source)
connection must be rated not greater than the ampacity of the feeder.

Neutral conductors and

rounding conductors (EGCs &

‘GECs) not shown on this slide

2/0 aluminum wire

40A PV Breaker

A New 125A
OCPD
somewhere || _—>
—
between the
Service panel
and the
sub-panel

Feed through lugs
Copyright© WC3 2024
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Option “b”: An OCPD on the load side of the inverter (power source)
connection must be rated not greater than the ampacity of the feeder.

Neutral conductors and
unding conductors (EGCs &

2/0 aluminum wire GG not shown on tis shde

From PV inverter

150 amp breaker

PV disconnect
with 40 amp
PV breaker (or
fuses)

(feeder
Taps)

A New 125A
OoCPD
somewhere
between the
tap and the

sub-panel Copyright® WC3 2024

98

Feeder Taps:

Q Where inverter (power source) AC output circuits tap
feeder conductors, the taps are to be sized based on
125% of the inverter (power source) output circuit
current.

Q If either 240.21(B)(2) or (B)(4) will be used (for taps
over 10 feet and up to 25 feet long), then the ampacity
of the taps cannot be less than 1/3 of the sum of the
rating of the OCPD that is protecting the feeder
conductors plus the rating of the power source OCPD

100

2/4/2024

25



Solar PV Plan Review & Inspections (Doug Smith — WC-3)

Neutral conductors and
grounding conductors (EGCs &
‘GECs) not shown on this slide

From PV inverter

150 amp breaker 2/0 aluminum wire

PV disconnect
with 40 amp
PV breaker (or
fuses)

(feeder
taps with a
40A ampacity
! |in this example)

As long as the feeder taps are not over 10 feet long,
per NEC 705.12(A)(3) the tap conductors must have an
ampacity of 125% of the rated output amps of the inverter
(which is 40A for a 32A inverter).

Copyright© WC3 2024
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Busbars

O NEC 705.12(B)(1)
through (B)(6) must be
used for determining the
minimum ratings of
panelboard busbars.

Copyright© WC3 2024
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(1/3 of 150A

From PV inverter
150 amp breaker

PV disconnect
with 40 amp
PV breaker (or
fuses)

is 50A

(feeder
taps with a

90A ampacity

n this example)

Neutral conductors and
rounding conductors (EGCs &
‘GECs) not shown on this slide

2/0 aluminum wire

IF the feeder taps are longer than 10 feet but not over 25 feet,

per NEC 705.12(A)(3) the tap conductors must have an ampacity
of at least 1/3 of the 150A main breaker plus the rating of the
inverter’s OCPD (which is 90A for this example).

102

104

Copyright© WC3 2024

Q It's a common interpretation by AHJs that panelboards which are
dedicated only for the PV (and/or ESS) system are not required to

comply with the requirements of 705.12(B).

Neutral conductors and
grounding conductors (EGCs &
‘GECs) not shown on this siide

(bld. sub-panel
orservicepox)

1or more 1
DC strings (source §
circuits) in.

15

20A
20A

1o0r more —— ]
DC strings (source iy
circuits)in.

|
Tie-in PV breaker

Inverter AC output
combiner panel example

Grounded conductors and

(no loads in this panelboard) sreund wires €6cs & Gecs)
ot shown on tis siide

Copyright® WC3 2024
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2o — Buzimnulz For Meatnod &

L
(LN =EC 708,12

1) The busbars in a panel must be rated for at least the
sum of the rating of the OCPD protecting the busbar
and the inverter(s) AC output amps x 125%.

Neutral conductors and
grounding conductors (EGCs &
‘GECs) not shown on this slide

200 amp breaker 4/0 aluminum wire

40 amp PV breaker

(Inverter output amps x 1.25)

200A + 40A = 240A
The panel’s busbar rating  200A rated panel
is exceeded! Violation!

Copyrighto WC3 2024

105
oLzl ol2 101 11 il i Bl
(NEC 705 | J) ))
200 amp breaker
OK
40 amp PV breaker
(at end of busbars)
200A rated panel
(Inverter output amps x 1.25)
200A + 40A = 240A
200A rated panel x 120% = up to 240 amps allowed
Copyright® WC3 2024
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108

BTN

(L ECTUS12(5)(2))
Where two sources, one a utility (primary power source)
and the other an inverter (or other power source), are
located at opposite ends of a busbar that also has other
loads, the sum of the rating of the OCPD protecting the
busbar and the inverter(s) (power source) current rating
x 125% cannot exceed 120% of the rating of the
busbar.

The busbars must already be sized for the connected loads as
per Article 220 in the NEC.

A sign must be provided next to the backfed PV breaker stating:
“WARNING: POWER SOURCE OUTPUT - DO NOT RELOCATE
THIS OVERCURRENT DEVICE”

P

The sum of the ampere ratings of all breakers (OCPDs)
on panelboards, including load and supply breakers
(but NOT counting the main breaker protecting the
panel), must not exceed the rating of the panelboard’s
busbars.
The rating of the main breaker protecting the panelboard must
not exceed the rating of the busbars.

Permanent warning label must be applied to the panel
(distribution equipment) with the words: “WARNING:
EQUIPMENT FED BY MULTIPLE SOURCES. TOTAL RATINGS
OF ALL OVERCURRENT DEVICES, EXCLUDING MAIN
SUPPLY OVERCURRENT DEVICE, SHALL NOT EXCEED THE
AMPACITY OF BUSBAR.”

2/4/2024
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Neutral conductors and
grounding conductors (EGCs &

4/0 aluminum wire GECs) not shown on this slide.

The main breaker protecting the panelboard
does not need to be included, but still
must not be larger than the rating of the
busbars in the panelboard.

200 amp breaker

OK

0 amp PV breaker

200A rated panel

The combined ratings of all breakers at the above shown
panelboard must not exceed the rating of the panelboard’s busbars.

Copyright© WC3 2024

109

414

Methnod
(MECTUB-12(8)(4))
4) A connection at either end (but not both ends) of a

center-fed panel board in dwellings is allowed where

the sum of 125 percent of the power source(s) output
circuit current and the rating of the overcurrent device
protecting the busbar does not exceed 120 percent of

the current rating of the busbar.

111
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WELNOSRIENE))

FANINS!

Note: this image is provided to show a basic layout of the service equipment.
The intent is NOT to point out every code violation of the install.

200A rated service
panelboard with a 200A
main service breaker.

The sum of the breakers in this panel
(including the solar PV breaker but NOT
counting the main 200A service
breaker) could not exceed 200A, per
NEC 705.12(B)(3).

40 amp PV breaker

Copyright® WC3 2024 110

110

Don’t forget about

protection for the
feeder wires per NEC
705.12(A)(2) if the PV
system will backfeed
abreaker on the same
busbars that the
existing feeder wires
connect to (see
previous slides talking
about this issue)

Note: these images are provided to show a basic layout of the service
equipment. The intent is NOT to point out every code violation of the install.

Copyright® WC3 2024
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—
AN

Service entrance conductors —>
from electric Utility

Copyright© WC3 2024
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6) Connections made to
switchgear, switchboards,
and panelboards that are in
configurations differing from
NEC 705.12(B)(1) through
(B)(5) are permitted as long
as designed under
engineering supervision that
includes available fault-
current and busbar load
calculations.

Copyright© WC3 2024
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Note: Cannot use the 120%
allowance of NEC 705.12(B)(4) for
commercial center-fed
electrical systems!!

Copyright West Coast Code Consultants (WC-3)

5) “Connections shall be permitted
on busbars of panelboards that
supply lugs connected to feed-
through conductors. The feed-
through conductors shall be sized
in accordance with 705.12(A).”

“Where an overcurrent device is
installed at either end of the feed-
through conductors, panelboard
busbars on either side of the feed-
through conductors shall be
permitted to be sized in
accordance with 705.12(B)(1)
through (B)(3).”

Note: this image is provided to show a basic layout of the service equipment.

Copyright© WC3 2024 The intent is NOT to point out every code violation of the install.
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Neutral conductors and
grounding conductors (EGCs &
GECS) not shown on this siide

200A rated service panel

150A main

#8 AWG copper

40A PV breaker

(load side of
the 150A bkr) DCwiring
f
Feeder — 2/0 aluminum %%Te‘l?ﬁ.fés

(extend to home’s 150A sub-panel)

NEC 705.12(A)(2) and (B)(5) violation for the existing 2/0 feeders!
The 2/0 feeders need to be increased to 250kcmil OR a 125A breaker (or fused
disconnect) must be added between the service and the existing sub-panel.
Copyright® WC3 2024
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Neutral conductors and
grounding conductors (EGCs &
‘GECs) not shown on this slide

200A rated service panel

100A rated panel

150A main

Feeders — #4 copper

L
L]
Y

70A breaker
(load side of
the 150A bkr)

Feeder — 2/0 aluminum
(extend to home’s 150A sub-panel)

40A PV breaker

NEC 705.12(A)(2) and (B)(5) violation
for the existing 2/0 feeders!

Copyright© WC3 2024
—! / ‘ LIS I
—{Zlrfole o YSi20r]
200A rated service panel ot tisimage is provided 1o Copyrighto WCB2024  grpuncing conduriors (£6Cs &
show a basic layout of the ‘GECs) not shown on this slide

service equipment. The intent is
NOT to point out every code
violation of the install

100A rated panel

200A main

Feeders — #4 copper

80A breaker I«
(on load side of
the 200A service
breaker)

40A PV breaker

Feeder — 4/0 aluminum
(extend to home’s 200A sub-panel)

NEC 705.12(A)(2) and (B)(5) violation for the existing 4/0 feeders!
Feeders either need to be upsized or must provide overcurrent
protection between the service panel and the existing sub-panel.

119
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Neutral conductors and
grounding conductors (EGCs &
‘GECs) not shown on this slide

Feeder — #1 aluminum

200A rated service panel

Feeder — #4 copper
/

100A
100A rated [ rated

panel

00A Bkr

70A breaker 40A PV breaker

NEC 705.12(B) violation for the

middle panel’s busbars!
Copyright®© WC3 2024
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105,158 = Powar Control Sysioims

Q 705.13: “A power control system (PCS) shall be listed
and evaluated to control the output of one or more
power production sources, energy storage systems
(ESS), and other equipment. The PCS shall limit current
and loading on the busbars and conductors supplied by
the PCS.”

Q 705.13(E): “The access to settings of the PCS shall be
restricted to qualified personnel in accordance with the
requirements of 240.6(C).”

Note: the requirements of NEC 705.13 moved to Article
750 in the 2023 NEC (for Energy Management Systems)

120
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Povwar Conirol Sysizms (coniinuad)

O 240.6(C) requires restricted access to be achieved by
one of the following methods:

= (1) Located behind removable and sealable covers over the
adjusting means

= (2) Located behind bolted equipment enclosure doors

= (3) Located behind locked doors accessible only to qualified
personnel

= (4) Password protected, with password accessible only to
qualified personnel

121
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rovwer Cor

NEMA 3 rated J-box
mounted under solar
modules at ground-
mount array.

Solar array

Teslaw AG
[Powenwall
Tesla® AG
[Powenwall =

705.13 moved to Article 750, for Energy

Note in the 2023 NEC the requirements of
Management Systems (EMS).

The Tesla® Gateway is listed for PCS use

(and meets NEC 705.13 and 240.6(C)) and if

the PCS setting is set at 32A (for this

example) then the load side busbars in the
i t

| will be in i ith the ;stxﬂmsg 200
ated Service
120% rule of NEC 705. panelboard
Tesla®
Gateway™
(automatic
relay
switch) 2004

(becomes the
backed-up loads
panel)

08 200R rate teader
wing
Son
N exsting 2008
£

100A AC combiner
panelboard
dedicated for the PV
and battery system
(n0 other loads
connected)

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S

Copyright® WC3 2024
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REQUIREMENTS and APPLICABLE CODES.

Example Plan Reviews
of PV Systems

Copyright® WC3 2024
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Plan Review Example System #1

Enphase® 1Q7+™ Micro Inverter System

Copyright® WC3 2024
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Example Sys. #1

Copyright©®
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Copyright West Coast Code Consultants (WC-3)

Example Sys. #1

#12 AWG Enphase® cable which does Type of roof racking
NOT include an EGC, therefore a separate .
[l solid #6 cu EGC must be provided from used: Everest®
Modules each the roof jbox to the racking.
connecting to (3) #8 AWG THWN-2 Cu,

Ls own Two separate #12 AWG cu,2-  With #10 AWG Cu EGC,

e wire NM cable ran through % EMT (buried portion of  Exstng Senvice

inverter. garage attic. White wires to be  conduit to be PVC & min banelbo:
taped as ungrounded of 18" deep)
conductors at all terminations)

(13) 285W

Hyundaie

Modules each

connecting 1o

it own el

— AC disconnect (as.

IoTem micro

inverter A rated AC

ety

(dedicated only perhe iy
(4) #12 AWG for solar P}
Cu THWN-
Zbox mdunted - with #12 AWG e getached

atroof eave (lor  EGC, in % ° i
e o : structure is required

EMT leading  to have a grounding Servico
cable to THWN-2
wire inconduit.  from roof  elecirode system, conductors
per NEC 690.47 ‘oxtending
eave down to
and 250.32(A). to utility
AC combiner. sub-panel.

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
Enphase®1Q7+™ Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
Micro inverter ) REQUIREMENTS and APPLICABLE CODES.
Copyright® WC32024 @
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Example Sys. #1

Al roof penetrations must be

Location of properly flashed. IRC R903.2

service
panelboard

Solar PV modules (panels) cannot
be installed over or block any attic
vents, plumbing vents*, furace or
water heater vents etc.

*Covered plumbing vents in
accordance with the 2018 IRC,
Section P3103.1.3, are permitted
as long as approved by
jurisdiction.

Al wiring must be properly
supported by devices or
mechanical means designed and

" listed for such use and wiring must
Location of be permanently and completely
AC Combiner held off of the roof surface. See

Panel NEC 110.2, 110.3(A), 110.3(B),
and 300.4.
Flashed roof The detached structure is required
Xes 10 have a grounding electrode.
system, per NEC 690.47 and

250.32(4).

Note: fire spacing
clearances are not
required on non-

habitable detached
structures, per IRC

2/4/2024
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Example Sys. #1

129

Enonzss® J0)F

Example Sys. #1

1. Max current
NEC 690.8(A)(1)(c)
1.21 26
31.5A 39A
Copyright® WC3 2024

132

131

\_\
<
e

A%

Fzire]

(

Typically, photos of the service
panel label are needed in order
to show the rating of the service
(and rating of breaker slots).

Also, a clear photo showing the
rating of the main service
breaker(s) is usually required (in
order to determine load-side
connection rules).

For this example, we are
assuming that the service panel
is rated for 200A since the main
service breaker is rated 200A.

Copyright West Coast Code Consultants (WC-3)

Example Sys. #1

W .
fiwio solid #6 cu EGC must be provided from used: Everest®
Modules each the roof jbox to the racking.
connecting to (3) #8 AWG THWN-2 Cu,
Ls own Two separate #12 AWG cu, 2= With #10 AWG Cu EGC,
IEQ";’“, p wire NM cable ran through %" EMT (buried portion of EX'S"W‘DSEWM
inverter. garage attic. White wires to e conduit to be PVC & min pane

taped as ungrounded of 18” deep)

conductors at all terminations)
(13) 285W
Hyundai®
Modules each
connecting to
its own
Fophase® AC disconnect (as s
e 60A rated AC

iy e T
(dedicated only perhe iy

#12 AWG Enphase® cable which does
NOT include an EGC, therefore a separate

Type of roof racking

for solar P
(4) #12 AWG or solar PY)
Cu THWN- Located al

Tbox mdlinted with #12 AWG 1 gerached
oot cave oy EGC,in %" siucure s required  Provide a
o oy EMT leading  tohave a grounding  175A main

N eising

4/0 alum,

extending
toedsting  Service

electrode system, y’ conductors

wire nconduit._from roof  SCode SEM breatker for sub-panel  conducto
eavedownto  ong 250.32(A). existing ome to utility ;
AC combiner. sub-panel. Y

130

Example Sys. #1

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
Enphase®1Q7+™ Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
Micro inverter ) REQUIREMENTS and APPLICABLE CODES.
Copyright® WC32024 @

2. Breaker or fuse

rating, and wire ampacity
NEC 690.8(B) and 690.9(B)

2/4/2024
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Example Sys. #1

Example Sys. #1

#12 AWG Enphase® cable which does

Type of roof racking
NOT include an EGC, therefore a separate

o oo solid #6 cu EGC must be provided from used: Everest®
Modules each the roof jbox to the racking.

connecting to (3) #8 AWG THWN-2 Cu,

its ::’" Two separate #12 AWG cu, 2= With #10 AWG Cu EGC,

wire NM cable ran through
garage attic. White wires to be
taped as ungrounded
conductors at all terminations)

%" EMT (buried portion of ~ Existing Service
panel

conduit to be PVC & min

Ibo:

0

of 18” deep)

(13) 285w
Hyundai®
Modules each
connecting to

200A

AC discommec (=

inverter. 60A rated AC

imay e

(dedicated only perhe i
for solar PV)
located at

(4) #12 AWG \
Cu THWN-
-box mflnted  with #12 AWG

alu
The detached
atroofeave (01 EGC, in %" suucture s required  provide a oioders "
cable to THwn-2 EMT leading  tohave a grounding 1754 main to existing Service
wire in conguit,  from roof electrode system,  poaper for sub-panel  conductors
per NEC 690.47 conducto
eave down 10 sy 3a(a) existing me. extending
AC combiner. sub-panel. ly.

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
REQUIREMENTS and APPLICABLE CODES.

Enphase®1Q7+™

Micro inverter Copyrighto WC32024

133 134

rlyund=1 PY

Example Sys. #1

1)

135 136

Example Sys. #1
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Example Sys. #1

137

Plan Review Example System #2

SMA® Sunny Boy™ String Inverter
System

Copyright® WC3 2024
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Copyright West Coast Code Consultants (WC-3)

2/4/2024

Dlerzle)e

Example Sys. #1

All signage must be permanently attached and be able to withstand the environment
they are installed. Signage also cannot be hand-written. NEC 110.21(B).

WARNING: POWER
SOURCE OUTPUT DO

CAUTION: MULTIPLE NOT RELOCATE THIS

SOURCES OF POWER

OVERCURRENT

The above shown sign s required at the service DEVICE.
disconnect. NEC 705.10.
This sign is required to be located next to the PV
backfed breaker(s) ONLY if the 120% allowance of
NEC 705.12(B)(2) is being utilized.

PV System: RAPID SHUTDOWN

AC Current =

SWITCH FOR SOLAR
PV SYSTEM

“This sign must be reflective and is required to be
located next to the disconnect switch which
activates rapid shutdown. NEC 690.12(D)

[prev. 690.56(C)(2)]

(for this system, it could be at any AC breaker

Is signT oo and within 3 of or AC disconnect that isolates the micro

the service equipment. NEC 690.12(D) [prev. 690.56]. inverters from the utility grid when such
breaker or disconnect is shut off)

“This sign is required to be located at the.
backled panelboard. NEC 690.54 (of the
NEC).

WARNING ELECTRIC S| o
SRR TR R This sign is required at disconnects where
OV STl <—— terminals can be energized even when the
e e e disconnect is shut off. NEC 690.13(B).

Copyright® WC3 2024
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Example Sys. #2

(6) #10 AWG Cu PV Wire, Type of roof racking
and a solid #6 copper .

EGC extending from each used: SnapNrack®
roof J-box to roof

racking/modules, wiring (3) #8 AWG THWN-2 Cu,

in free-air under modules with #10 AWG Cu EGC,

@0 mwemacy, A EMT Exstng Sevce
110 ARG Gu GG,
B g n e

40A

series.

(12) 280w
Solarworld®

v o]
(6) #10 AWG

each witha 4” EMT, wiring in
Tigo® TSAR- atic AC disconnect next o
Sbeto G the inverte 15 NOT Existing
converter in Tigo RSS Transmitter required for his system
levice for rapid shutdown if the cover for the Feeders
of system (ol @GO il aryice panel (where the  extending _ Service
inveres is sted 1or n xending | Seruce
providing the RSS signal). located) is lockable, per sub-panel  extending
NEC 690.15(0) inhome. to uility
Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations
TS4-R-S DC to Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
REQUIREMENTS and APPLICABLE CODES.
SMA® SunnyBoy * Inverter DC converter  copyrighto WC32024
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Example Sys. #2

Location of Al roof penetrations must be
service properly flashed. IRC R903.2
panelboard

water heater vents etc.

“Covered plumbing vents in
accordance with the 2018 IRC,
Section P3103.1.3, are permitted
as long as approved by
jurisdiction

All wiring must be properly
supported by devices or
mechanical means designed and

be permanently and completely
held off of the roof surface. See
NEC 110.2, 110.3(A), 110.3(B),
and 300.4.

Location of SMA®
Sunny Boy® inverter, AC disconnect next to the inverter is.

AC disconnect NOT required for this system if the cover
switch, and RSS for the service panel (where the 40 PV

B P breaker is located) is lockable, per NEC
transmitter (at inside

wall of garage)

141
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Example Sys. #2

Copyright© WC3 2024
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Copyright West Coast Code Consultants (WC-3)

Solar PV modules (panels) cannot
be installed over or block any attic
vents, plumbing vents*, furnace or

listed for such use and wiring must

Example Sys. #2

Minimum of one 3’ wide
pathway from eaveto

Minimum of 18” from top
of solar modules to ridge

(since solar modules do Note: these roof
not cover more than 33%
of roof) clearances are not

required if waived
by the Fire
Department/Fire
Marshall

Minimum of one 3’ wide
pathway from eaveto ridge

Copyright® WC32024

142

Example Sys. #2

144
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Example Sys. #2

(6) #10 AWG Cu PV Wire, Type of roof racking
and a solid #6 copper .

EGC extending from each used: SnapNrack®
100f J-box to roof

racking/modules, wiring (3) #8 AWG THWN-2 Cu,

in free-air under modules with #10 AWG Cu EGC,

(12) 280w

v Existing Se
@0 AWG THWN2 % EMT ising sece
with #10 AWG Cu EGC, %"

EMT. wiring i at
/ wiring in attic “on
=
uies

cacn wih a

Tigo® TS4-R-

SDCto DC e

converter in =

# isting <l
loads
2 ©#10 WG

Solarworlde THWN-2 Cu, with Inverter’s DG

Hoduies #10 AW Cu EGC, Gisconnect

cach witha 4" EMIT, wiring in

oo TeR atic AC disconnect next o

SDC 0 DC he inverter 15 NOT Existing

Comvener i Tigo® RSS Transmitter required for this system 20 alum.

ser device for apid shudown i ho cover or e Feeders

of system (ot require Service panel (where the _ extending  Service

meerer issted for Sy Deer s o sisting conduciors

providing the RSS signal). located) is lockable, per sub-panel  extending
NEC 690.15(0) inhome. 10 utity

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
TS4-R- to Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
REQUIREMENTS and APPLICABLE CODES.
SMA® SunnyBoy * Inverter DC converter Copyright® WC32024

145

Example Sys. #2

e Sy B8 Sy by 7005 Commm)
sy 2uev oy av e Ty

Input (DC)
Mo PV pawer 9600 Wp 95a0Wp 10905 Wp
Max. BC Volioge 600V
Rated MPP Vohoge range 220 - 430V 245480V 270- 430V
MPPT operatng vlage range 100 - 550V
Min. DC voltage / stort voltage 100%/ 125V
Max. garatng ngul Gurent st MPFT 104
Mo short crcul carent per MPFT 184
Numbar of MPPT tracker  sing per MPPT iacker 3/1
Ourpun (A<)
AC nominal powes s200W 000w sssow 7000 a0 W 7es0W
Max AC apporent pawer s200vA 6000 VA 5660 VA 7000 VA s650 VA 7680 VA
Naminsl valage / adhstable 208y /% 240v/ % 208y /e 240v/ o 2087/ 240v /¢
AC valoge range 183-220%  211-264V 183-23V 211264V 183-29V  211-284V
AC grid requency 40Hz/ 50Hz
M. autpt cursnd 2508 2504 204 2924 3204 3208
Pawer fodkat {coa 9] 1
Quiput phoses /s sonnschons /2

<a%

97.3% 977% 223% 979% 973% 975%
967% %69% 764% 968% s64% 908%

G discannec devicn / D roverse polariy profecion
Grovnd foult manitoring / Grid menioring

AC shortcircl protechion

Aol s esidval current monioring i (RCMLL

ave fauh cireutimsrrupter (AFCI)
Prafechion class / cvervalloge colegory
Ganerdl data
Dinensions (W /H /D in rum n} 53527302198 (2115 28.5 %78
Packaging Dimensians (W / H / D) in men [in] 600 800 x 300 (2362 315.x 11.8]
Weight / packaging weight 26kg (57 16) / 30 kg 166 1b)
Temperature range: operating / nan-eperating -257C..+60°C/ -40°C.460°C
Enviranmental protecton rafing

loise emisson [ypical] 39 dBlA) 45 dBlAl
o] b consmpen 1 i <sw

147
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Example Sys. #2
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Cold Tomozraturs DG YVolizige ,
Example Sys. #2 - Example Sys. #2 f1e J !
2. Breaker or fuse
. o 1. Max current rating, and wire ampacity
Maximum system DC voltage calculation: NEC 690.8(A)(1)(a-c) NEC 690.8(B) and 690.9(B)
Open Circuit Voltage (Voc) of modules= 39.5V DC (at 25 C or 77°F) String circuit (string Isc x 125%) (string max current x
(source circuit) 9.71 x 1.25=12.14A " 125% again)
39.5V x 12 modules= 474V (at 77 F) 12.14x 1.25=_15.2 A

If we use -20° C for our coldest temperature (which is noted in the WUUTPH*\ (each strings’ max DC current (Tot,al c
ings’ max current x

ASHRAE Fundamentals Handbook for the SLC valley): Circuit ined together) x
i i i (circuit between DC combil — of stri 125 A))
The difference in temperature drop from 25'C to -20°C is 45'C. box and j A T 5=

Per the modules specs, the voltage of the modules increases by Inverter AC (inverter max output) (inverter me(\)x output x
.30% for every 1°C. Output Circuit 32 _amps T 125%)
32x1.25=_ 40 A
Take 45 C x .30 = a voltage increase of 13.5% at -20°C. USEThe max amps in his column T
when starting the adjustment of If no deration or‘adjustment of
wires for temp. and conduit fill. wires is needed then use this
474V x 1.135=a cold temperature voltage of 538V. Take the larger of either the final adjusted  column to size wire ampacity.
— ampacity from this column or the final Always use this column to size the
. amps in column 2 to size the breaker or fuses (use next size up
¢ WC32024 Copyright® WC32024 conductors, NEC 690.8(B)(2). breaker or fuse if between ratings).

149 150

e Dizigrzrn (For 2 519G S1Y

siring InvVeriar sYs

Example Sys. #2 Example Sys. #2

(6) #10 AWG Cu PV Wire, Type of roof racking
and a solid #6 copper .
(12) 280w EGC extending from each used: SnapNrack®
Cerwonde roof J-box to roof
modules. rackingimodules, wiring (3) #8 AWG THWN-2 Cu,
each witha in free-air under modules with #10 AWG Cu EGC,
Tigo® TS4R- (2) #10 AWG THWN-2 Cu, % EMT

Existing Service

fooard
spctope with #10 AWG Cu EGG, 4" paneiboar
EMT, wiring i atc on
150/
seres Existing <]
loads
12) 280w
Sotarworlds Inverter's DG
sconneet
cach witna 72" EMT, wiing in
Tigon 1S4k atic AC disconnect next to
S$BC100C e nverter 13 NOT Saisting
converer In Tigod RSS Transmitter required for this system 210 alum
devics for rapid shutdown if the cover for the Feeders
of system (notrequied i Lonice panel(where he  extening  Senice
invorto s st for eaker 1s o existing conductors
providing the signal). located) is lockable, per sub-panel  extending
NEC 600 150y nhome. (o utiiy
Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
TS4-R- to Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
REQUIREMENTS and APPLICABLE CODES.
SMA® SunnyBoy ™ Inverter DC converter  copyrighto WC32024
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SN Raioid Shuid 5 for Tlgo® SIVIFAS B

Ootlinizers (smzeAimearicz,conn)

Example Sys. #2 Example Sys. #2

154

L N D N S JRRTEPES e o1 5 P ]
Snzorlizses® Suzes Snzorlracik® YWind Lozidlng Tzoles
~ =l f=) e - r ) T T
Example Sys. #2 { 1] ':)JU,JJ PARSHAUNS D,JJJ,‘ Example Sys. #2 {'z, lZlorrzle Lcorr])
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Example Sys. #2

All signage must be permanently attached and be able to withstand the environment
they are installed. Signage also cannot be hand-written. NEC 110.21(B).

PV System:

CAUTION: MULTIPLE AC Current =

AC Volts = 240
The above shown sign s required at the service This sign is required to be mounted on the string
disconnect. NEC 705.10. ‘This sign is required to be located at the inverter. NEC 690.7(D) [prev. 690.54]
backfed panelboard. NEC 690.54 (per the
WARNING: POWER
SOURCE OUTPUT DO
NOT RELOCATE THIS

SOURCES OF POWER

OVERCURRENT
DEVICE.

“This sign is required to be located next to the AC PV
backied breaker(s) ONLY if the 120% allowance of NEC
705.12(8)(2) s being utilized.

This sign to be located on the outside of, and within 3 of
the service equipment. NEC 690.12(D) [prev. 690.56].

RAPID SHUTDOWN

SWITCH FOR SOLAR PV PHOTOVOLTAIC POWER SOURCE
SYSTEM

“This sign is to be located on the outside of any conduits, enclosures, or MC cable that contain

‘This sign must be reflective and is required to be located DC circuits. The markings shall be reflective and be provided at every enclosure, every 10'
nextto the disconnect switch which activates rapid along conduit or MC cable, and at each side of where the conduit or cable passes through a
shutdown. NEC 690.12(D)(2) [prev. 690.56(C)(2)] wall, floor, or any other partition. The markings shall be permanently affixed and visible after

(for this system, it would be the 404 solar PV breaker installation. NEC 690.31(D)(2)

located in the service meter panelboard) Copyright® WC32024
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Example Sys. #3

SolarEdge Power Optimizer cable/#10 Type of racking used: IronRidge® Ground-Mounted System
AWG Cu PV Wire, and a solid #

copper EGC extending from -box o
100 racking/modulesiopiimizers,
wiring in free-air under modules

(3) 44 AWG THWN2 Cu, with 48 AWG
(2) #10 AWG THWN-2 Cu, with #10 CuEGC, %" EMT.

/G Cu EGC, %” EMT, wiing in Existing 200A Service
panelboard

(20) 265W e (3) #8 AWG THWN-2 Cu.
Trina Solar) #8 AWG Cu EGC, %
Modules = 150A

(each
module with 100A rated sub-
its own P300|

Power
Optimizer™) @) #10 AWG THWN2 Cu,
with #10 AWG Cu EGC, %"
EMT, iring in atic of

(@0) 265 detached garage.

AC disconnect (IE.

" uired by utiiy
module with required by uiity)
el Existing
P300 Power
Optimizer™) AC combiner

@ awe TNz panelboard
Soladeck® e ed (dedicated for
J-boxes AWC auiteh - EGe,%  the PV system)

to utility

sub-panel.

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.

SolarEdge® HDwave® inverter Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S

Copyright® WC32024 REQUIREMENTS and APPLICABLE CODES.

159

Copyright West Coast Code Consultants (WC-3)

Plan Review Example System #3

SolarEdge® HDwave™ String Inverter
System - Ground Mounted PV

Copyright© WC3 2024

158

RV . .
Example Sys. #3
Minimum of 18” from top of Location of one Supporting
solar modules to ridge of the structure detail 6’6" clear height
(since solar modules do not SolarEdge® ':" s“fp’"":’ working space
cover more than 33% of roof) inverter (outside P in front of the
D next to service) (next o array). inverter and
— disconnect
Unistrit
mountedto
galvanized
Location of pipe.
service
panelboard
Minimum of one 3' wide | Location of 2" galvanized
pathway from eave to ridge | AC combiner metal pipe,
———— driven min. 36"
deep for
supporting
structure.
ple ONLY.

Always consult with AHJ on what is

6" high lockable fence :
required for supporting structures.

immediately around the array.

Note: neither the NEC nor the

IRC specifically requirea Location of Al wiring at the array must be properly supported
fence around array - Just g SolarEdge® by devices or mechanical means designed and
nmmﬂy(m f:""?‘"ﬂdmnf'vf inverter and AC listed for such use and wiring must be
e wiring at the array is : o = NEC 110.2,

required and is subject to the. disconnect gi’o"';le"l‘{;gpgu e‘; 35534 S
AHJ’s interpretation of what switch (42” clear (A), 110.3(B), an 4.

constitutes “guarde space directly in —

T The ground-mount array is required
fYience) to have a grounding electrode

system, per NEC 690.47.
Copyright® WC32024 IS
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Example Sys. #3

162

Example Sys. #3 Example Sys. #3

SolarEdge Power Optimizer cable/#10 Type of roof racking used: Mounting Systems®
AWG Cu PV Wire, and a solid #

copper EGC extending from J-box to
r00f racking/modules/optimizers,

wiring in free-air under modules ) 44 AWG THWIN2 Cu, with 48 AWG
(2) 410 AWG THWN:2 Cu, vith #10 CuEGC, " EMT
/G Cu EGC, %" EMT, wiring in Existing 200A Service
atic
2 panelboard
oz SERDH (s s
HDWave®| 45 AWG Cu EGC, %" ENT
Modules st i 150A
(each
module with 100A rated sub-
its own P300|
Power
Optimizer™) @) #10 AWG THWN2 Gy,
with #10 AWG Cu EGC, %"
EMT, iring in atic of
(24) 265 detached garage.
Trina Solare)
ul AC disconnect (E
(each required by utity)
module with 7
its own

Existing
0 alum.
Optimizer™)

@#eawc  AC combiner
wrave o w2 panelboard
Soladeck® S A msammect iy (deticated or
J-boxes WG et e, 5 the PV system)
PYC buried
min 18 Provide a
deen 125A main
breaker for o utility
exsting

inverter)

sub-panel.

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
Copyright® WC32024 REQUIREMENTS and APPLICABLE CODES.

SolarEdge® HDwave® inverter

163

Copyright West Coast Code Consultants (WC-3)

Iiyvear
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Specs for the Siemens®
MC0816B1200TH
service panelboard
(Siemens.com)
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lnverior Coriificeailon (SolarEdge.coin

Inverizr Suses (soluaradda,coin)

¢ 0 \
Example Sys. #3 Example Sys. #3 ey T =AU

165 166

SolzrBdge® Powsr Uoilinlze/™ Suoos - » . L
(solarol . Solzir PV Woduls Sozes (rinasolarcoin)
=)o, e ) .
Example Sys. #3 (=Y el "_J 2.0011]) Example Sys. #3

167 168
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Example Sys. #3 Example Sys. #3

IronRidge® Ground- IronRidge® Ground-
Mount Racking Mount Racking
Specifications Specifications

(ironridge.com) (ironridge.com)

169 170

Example Sys. #3 Example Sys. #3

IronRidge® Ground-
Mount Racking
Specifications
(ironridge.com)

IronRidge® Ground-
Mount Racking
Specifications
(ironridge.com)

171 172
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Jroriided

Example Sys. #3 Example Sys. #3

173 174

Example Sys. #3 Example Sys. #3

All signage must be permanently attached and be able to withstand the environment
they are installed. Signage also cannot be hand-written. NEC 110.21(B).

Note: 2 PV inverter is

CAUTION: MULTIPLE located at ground-

SOURCES OF POWER

‘The above shown sign s required at the service
disconnect. NEC 705.10.

mounted solar array

behind home. This sign s required to be mounted on the string
inverter. NEC 690.7(D) [prev. 690.53]

A'sign is required at the home’s service meter
panelboard noting the location of the 2 string
inverter since it's not located next to the utiity service
panel. NEC 690.4(D). Wording could vary.

WARNING: POWER
SOURCE OUTPUT DO NOT .
RELOCATE THIS PV SyS}ETITI.
OVERCURRENT DEVICE. AC Current
“This sign s required to be located next to the AC PV backfed AC Volts = 240V
breaker(s) ONLY if the 120% allowance of NEC 705.12(B)(2)

This sign to be located on the a of
is being utlized. “This sign is required to be located at the
9 Backied panelhoard. NEG 660.54 (n the the senvice equipment. NEC 690.12(D) [prev.
690.56(C)(1)-

RAPID SHUTDOWN
SWITCH FOR SOLAR PV PHOTOVOLTAIC POWER SOURCE

SYSTEM
S
“This sign is to be located on the outside of any conduits, enclosures, or MC cable that contain
‘This sign must be reflective and is required to be located next to the DC circuits. The markings shall be reflective and be provided at every enclosure, every 10°

disconnect switch which activates rapid shutdown. NEC 690.121(D)  along conduit or MC cable, and at each side of where the conduit or cable passes through a
[prev. 690.56(C)(2)] wall, floor, or any other partition. The markings shall be permanently affixed and visible after
(for this system, it would be at the 70A tie-in breaker in the service installation. NEC 690.31(D)(2)
or the PV AC disconnect switch near service ~if provided)  Copyright® WC3 2024

175 176
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Solar PV Inspections

Copyright®© WC3 2024

177

Roof Access Pathways

For detailed residential
roof access pathway
requirements, see
previous slides in this
presentation.

Copyright© WC3 2024

179

Copyright West Coast Code Consultants (WC-3)

Roof-Mounted PV
Systems

Copyrighto WC32024

178

(If either axis of the roof is 250 ft. or less)
275ft.

=
=
\ - ot

; [I:3
Roof access, skylights, ventilation
hatches, or standpipes. No section of an EUMTER)
can exceed 150’ x 150

Copyright® WC3 2024

180

100 ft§

|

8

ra
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2070 [FC Requlrad Perinwzays On dlon-fasidentlz

Roofs (12088, ]-1208,8.2

500 ft.

Py

2565 ft}

No section of an array
can exceed 150’ x 150’

- T
Roof access, skylights, ventilation
hatches, or standpipes.

| &

181
Locations of
Solar Modules On Roof
183

Copyright West Coast Code Consultants (WC-3)

||

2/4/2024

JElprole of ool Neocass Pzrinyzy

Copyrighto WC32024

182

Q Most jurisdictions do
not allow PV modules
to be installed over any
plumbing, mechanical,
or other types of vents.

Q Modules must not be
installed over any
openings or equipment
that are required to
remain accessible.

Copyright® WC3 2024

184
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G vof Pluinoing Veainisy

JoVesring il

O IRC P3103.1.3 (of the 2021 IRC) says:

= “Where an open vent pipe terminates above a sloped roof and is
covered by either a roof-mounted panel (such a solar collector or
PV panel...) or a roof element..., the vent pipe shall terminate not
less than 2 inches about the roof surface. Such roof element shall
be designed to prevent the adverse effects of snow accumulation
and wind on the function of the vent. The placement of a panel
over a vent pipe and the design of a roof element covering the
vent pipe shall provide for an open area for the vent pipe to the
outdoors that is not less than the area of the pipe, as calculated
from the inside diameter of the pipe. Such vent terminals shall be
protected by a method that prevents birds and rodents from
entering or blocking the vent pipe opening.”

185 186

Roof Racking Suppo
and Flashing

Copyright© WC3 2024

187 188

Copyright West Coast Code Consultants (WC-3)
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Hoof Instzillarlons (col

AN

Vent re-routing by Solar Roof Jack®

0O Roof racking supports must be
spaced no more than the
maximum spans allowed per
the racking manufacture.

Q Also, spacing of supports may
be required to be closer
together when they are located
close to the edges or peak of
the roof.

QO In addition, most engineers
require that supports be
reasonably staggered from one
row of rails (or modules) to the
next so not all supports are not
sitting on the same trusses.

Copyright® WC3 2024
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r 4 - ;- - - 4 e RS : . b -
Roof Flasnlngs Szzllng uf Rouf Ponorrzilor:

All roof penetrations must be
properly flashed or use other
listed methods of sealing
penetrations. IRC 903.2

QuickBOLT®

SnapNrack®

Roof attachment methods
should be evaluated for
preventing water entry and
must be installed per their
installation instructions.

Copyright®© WC3 2024
189 190
Froovay Saozullng of floof _ ‘ . L L N ‘
5 o N N Sezlllieg ool Penagirarlons Hagulred
FPonziranilons ls Hegulradd ' -

Violations!

Copyright© WC3 2024

191 192

Copyright® WC3 2024

Copyright West Coast Code Consultants (WC-3) 48



Solar PV Plan Review & Inspections (Doug Smith — WC-3)

Properly flashed supports

Copyright® WC3 2024
193
linoroozry Conduls Inszallzrtlor)
Conduit mounted directly
on the surface of the
roof requires excessive
wire ampacity deration
(per NEC 310.15(B)(2))
Improper mounts. All roof
penetrations must be flashed or use an
appropriate method of sealing.
Copyright© WC3 2024
195

Copyright West Coast Code Consultants (WC-3)
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FOrelrEi]ons

o

-

oz1)1ne) Flo

L
@

Image from quickmountpv.com

Correct!

Copyright® WC3 2024

194

SnapNrack® flashed conduit support

196
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Do I really
need to

note that
there’s

violations
here?!

Copyright© WC3 2024

197

Ballasted Racking
Systems

Copyright© WC3 2024

199

Copyright West Coast Code Consultants (WC-3)

Grezrt ool olon.,,, of whoze 2JOT to ol

Copyright® WC3 2024
sluinoer of Ballast Blocks Par Haciding Tray Must oz
Par Racidng Manuizncilurers Roqgulremanis

200
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Make sure the roof structure
is adequate to support the
PV system. This is especially
important for ballasted PV
racking systems.

YWirineg YUndar Wodules

201

All'wires must be neatly tucked up under the modules

or in the rails to protect from water and ice damage. NEC 300.4
Copyright® WC3 2024

203

Copyright West Coast Code Consultants (WC-3)
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202

Copyright® WC3 2024

204

Wiring at Array

Violations!

2/4/2024
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Insezillzrdon Brrors

Violations!
Image
courtesy of
Frank
Sonnabend
Copyright© WC3 2024

205

Poor Wire M=z 2mer:

J

Violations!

Wiring (including equipment grounding conductors) must be protected in
conduit or enclosures when not directly under solar modules. NEC 300.4
Copyright®© WC3 2024

207
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GSood YWirs Wz

Copyright® WC3 2024

206

1 ‘l‘ P \y - - ~ -~ M
Poor YWire Wzinzgermens

Violations!

Copyright® WC3 2024
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lrsrzllzrtdon Brrors nsrzllzidon Brrors

e

Ground wire sheath not sunlight resistant
and not in conduit when not under PV modules

Copyright© WC3 2024

209 210

Copyright® WC3 2024

Corrscizdl Yires WMlzinze

Some racking systems
provide channels for
wiring to be installed

within.

Wiring must be installed
so not subject to any
sharp edges and wiring
must maintain its required
bending radius (no kinks!).

Copyright© WC3 2024 Copyright® WC3 2024
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illegal splice

Violation!

Copyright© WC3 2024

213

o
)

Sirzln Rellaf Pleings

Wires installed outdoors must
be secured when entering
boxes or equipment with listed
weather proof strain relief
connectors. NEC 300.16(A)

Copyright© WC3 2024

215

Copyright West Coast Code Consultants (WC-3)

A

Correct way to splice an Enphase trunk cable
(note: a NEMA 3 or 4 rated J-box can also be used for splices)

Copyright© WC3 2024
214
Can’t have more
than one wire per
lug (unless lug
Violations! is designed and

listed for such)

Wire entering box
without a strain relief
fitting

Copyright® WC3 2024

216

2/4/2024

54



Solar PV Plan Review & Inspections (Doug Smith — WC-3) 2/4/2024

No protective
bushing provided
at end of conduit
Can’t have more
than one wire per
lug (unless lug
is designed and
listed for such)
Improper conduit
connection to box

Copyright® WC3 2024

218

Improper MC cable
connection to box

Many
Violations!

Wires entering box
without a strain relief
fitting

Copyright© WC3 2024

217

Yirs Mlzinzeinens

Inverters mounted on the
roof should be mounted as
close as possible to the
solar modules (panels) to
minimize exposure of
wiring to physical damage.

Otherwise, a listed wire
management system may
be needed for the wiring
extending from the array
to the inverter.

Copyright© WC3 2024
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220
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YWirz M=z et

221

SVYsieins mUst ue mulnizinesd 15

.A S o 2 )
) sEfe conditon (L7 503

Copyright© WC3 2024

223
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nsrzllzidon Brrors

Copyright® WC3 2024 Images cou

222

Grounding and
Bonding at the Array

Copyright® WC3 2024
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Hzicsdng YWitn lntograizsd Sonding

SnapNrack® racking with integrated bonding

Unirack® racking with
integrated bonding

Bonding ring digs into rails
T-clamp pin digs into the PV modules (panels)

Copyright© WC3 2024

225

Sondlng ro SUooours iz

WEEBL 6.7 assembly

(Wiley Electric/Burnd

Metal parts of the PV system are required to be bonded
to the equipment grounding conductor. NEC 690.43.

Copyright© WC3 2024

227

Copyright West Coast Code Consultants (WC-3)

Hzicsdng YWitn lintagraiizsd Sonding

0 Racking systems
should be listed per
UL 2703.

Q Parts designed for
bonding should be
tested per UL 467.

SnapNrack® racking with integrated bonding  copyrighto w3 2024

226
Llstod Lzl Lugs For Bondling
Rails Or Wodule
O Module manufacturer
Burndy WEEELS.7 N should provide instructions
L5 i on how to properly

ground/bond their modules
and specify the hardware
or equipment that should
be used.

Q Verify that the lay-in lugs
or connectors are listed
and approved to be

. @nplatedy  INStalled in direct contact

; with aluminum AND be

installed outdoors.

Copyright® WC3 2024
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Copyright® WC32024

229

Insiallerdon 2rrors

g lug not
designed for

Copyright© WC3 2024

231

Copyright West Coast Code Consultants (WC-3)

Bonding Suvovoris Nnd Modlules

Equipment
Grounding
Conductor
(EGC)

If listed integrated grounding/bonding T-clamps or WEEB washers (or

other listed bonding devices) are not used, each module and each rail
must be connected to the equipment grounding conductor.
Copyright® WC3 2024

230

rJ

linorovsr Bondlne

Copyright®© WC3 2024
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-
-

\rupropa

Copyright©

233

Copyright© WC3 2024
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Sondlig

Devices or equipment that
bond solar modules (panels)
together must be listed for the
application. NEC 690.43(A).

Srolndling Ll

Proper
grounding lug
connection

Copyright® WC3 2024

234

Sonding ze Conclls

Verify that any bond
bushings and ground lugs
used outdoors are listed for
wet locations (they will
often also be listed for
direct burial). NEC 110.3(B).

236
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Is the conduit
bonded to an
equipment
grounding
conductor?

Wire fill No bushing at
issues? end of conduit

An equipment
grounding
conductor has
not been
extended from
the array to the
inverter. Major
VIOLATION!

237

Rapid Shutdown

For additional detailed
rapid shutdown
requirements (per NEC
690.12), see previous
slides in this
presentation.

Copyright© WC3 2024
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Copyright West Coast Code Consultants (WC-3)
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o) EeyUloinzne Sroundlng

L

r
I

L

| Ulr

Copdictor Muse Soctond to lnyvaris

The equipment grounding conductor(s) which connect to racking and
solar modules (and other metal parts) must extend to the inverter served!

Inverter #1—7 Inverter #2 -7
«— conduit

conduit =7

Solar
Solar modules (panels) '(“"d"'lej Solar modules (panels)
" oy panels, 1 . .
for inverter #1 T e for inverter #2

#1

\ cunduil/

7
Must bond these sections
of array to each other

Copyrighto WC32024

238
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Example of
SolarEdge® Power
Optimizers behind

solar panels.
Copyrighto WC32024
241
Ground-Mounted PV
Systems
Copyright© WC3 2024
243

Copyright West Coast Code Consultants (WC-3)

deamddal Bulldinegs

There are currently on the market PV systems available which are listed
UL 3741 as a PV Hazard Control System. Such systems often require the
inverter to be installed within 1 foot of the solar array.

ALWAYS follow the manufacturer’s installation instructions!!

Inverter installed no more

than 1 foot of array \D

conduit

Copyright® WC32024

242

Fence around array

Wires located in readily accessible locations shall be
installed in raceways, MC cable, or be guarded, NEC 690.31(A).

Copyright® WC3 2024

244
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Heirfler 2irolnd e wrreyy

Would this be a legitimate fence or “barrier”
around the array? What say you?
Copyright© WC3 2024

245

LG uzrdsd” YWirdneg¥

Ground-mount solar array — are wires “guarded”?

Copyright© WC3 2024

247

Copyright West Coast Code Consultants (WC-3)
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How about this one? Would this one be a
legitimate fence or “barrier” around the array?
Copyright® WC3 2024
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Covzing un vzei of solar modulas??

Is the wiring properly “guarded”
by this plastic mesh??

Copyright® WC32024

249

Prover sUovort of Wi, sven 1t rolnd-

iU 2y s, 1s linoorezi

Violations!!

Copyright© WC3 2024
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Copyright West Coast Code Consultants (WC-3)

Using this type of wiring
method would likely require a
permanent and lockable fence
around the array (contact AHJ)

Photo courtesy of USA Wire and Cable Inc.

250

Yire orotocilon wri 2 groUnd-rnolint ey

Weather heads are a
good way to
transition from open
wiring to conduit at a
ground-mount array.

252
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Srond-Motniocd

YWikn lntagraiad Sonding

Copyright© WC3 2024
253
Grounding zind Bonding
Copyright® WC3 2024
255
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i

Sl ornen 2ir ts 2rrEY
— === - b |

System installed by Ken Gardner

Equipment (such as inverters, disconnects, etc) mounted at a ground-mount
array must be rigidly secured in place and must have a 6’6” clear headroom

and clear working space directly in front of the equipment. NEC 110.26(A)
Copyright® WC3 2024
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A AVl E =V Pl — -\
UlorrlasJs 218 tre zlfrzlY

—
~
)

Equipment must be protected from damage. NEC 110.27(B)

Copyright© WC3 2024

257

Incorrect i ool ot Sysian

Copyright© WC3 2024
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Copyright West Coast Code Consultants (WC-3)

Incorrect /oo Vo Dysie

Many
Violations!!

Copyrighto WC

258

This may be a
violation of installation
instructions or may
void a warranty for an
installation.

Copyright® WC3 2024
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Point of
Interconnection

For detailed point of
interconnection
requirements per NEC
Article 705, see
previous slides in this
presentation.

Copyright© WC3 2024

261
Edszing WMeg=l YWirdneg 2ind Connacilons L .
2 2\ e o J o Hedgzl Modiflezrtlon of Pzinzl Covar
— \ ‘J‘(J 13 )u‘ =444 -
Q Most jurisdictions
require improper or
illegal electrical
connections to be
corrected prior to the It's not okay to
connection of the solar cut or modify
PV system. a panel cover!
Several illegal feeder taps >
shown in this example
Copyright® WC3 2024
Copyright® WC3 2024
263 264

Copyright West Coast Code Consultants (WC-3) 66



Solar PV Plan Review & Inspections (Doug Smith — WC-3)

Asiing Wlagnl Wirdng (conzintzd.,,)

Existing illegal code
violations need to
be corrected!

Copyright® WC3 2024

265

b
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—

lons of Bqulomesney

Cannot drill or modify
electrical equipment
unless permitted per the
manufacturer’s
instructions, or the
modification must be
field evaluated for the
application (and be field
labeled). NEC 110.3(B)
and 705.11(C)(2).

267

Copyright West Coast Code Consultants (WC-3)
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lllegal
modifications
of service
panel!!

266

General Equipment
Requirements

Copyright® WC3 2024
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Woridneg souzica 1n front of aquioimsie

2023 NEC 110.26(A)(6)
clarifies that the grade,
floor, or platform for the
required working space
must be kept clear and

be as flat and level as

practical.

Copyright® WC3 2024

269

Lots of issues!!

271

Copyright West Coast Code Consultants (WC-3)

YWoridng svzncs In frone of 2qulomesnt?

Copyright®© WC3 202

270

Verify that solar
modules are listed per
UL 1703 (or UL 61730)

Verify that inverters,
converters, and
controllers are listed per
UL 1741.

Copyright® WC3 2024
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Disconnzcis Fromm Al Sol

NEC 690.15(C)
requires
disconnects for
inverters from all
sources of power.

The required
disconnect(s) must
be within sight and

within 10’ of the
equipment unless
the disconnecting
means is lockable
or located behind a
cover that can be
locked.

Copyright© WC3 2024

273

Mountdng of soquloinsis

Equipment must be properly mounted to a
suitable surface and be well secured in place.
NEC 110.3(B) and 110.13(A)

Copyright© WC3 2024
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Copyright® WC3 2024

274

Electrical equipment is
permitted to be installed
above or below other
electrical equipment (if they
are associated with the
same system), but one
piece of equipment cannot
project more than 6” from
the front of the other
adjacent equipment.
NEC 110.26(A)(3)

Copyright®© WC3 2024
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— i S 2 |
Flse2s 2 DO Cornolrers

Verify that all fuses at a DC combiner are listed for
PV use (see NEC 690.9(B)) and are rated for the
maximum voltage of the system (NEC 110.3(B))

=4 = U J

— 1 . o g - v,
2l orn200s 1St 02 gllidoor
= (JEFC-1-10.7

\

reitad yWiien olisic

279
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Some utilities and jurisdictions
require an extra meter base so a
production meter can be added for
a PV system. Such meter bases
must be listed.

Also, if feeder taps are to be
performed in order for connection
of the PV system with the home’s

electrical system, the taps must
first extend to an overcurrent
protection device (an OCPD such
as a fused disconnect) and then
the meter base can be added on
the load side of such OCPD (ie.
the meter base cannot be between
the point of taps and the OCPD for
the taps). See NEC 240.21(B).

Copyright® WC3 2024
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—

SeUlomeane Yiolz

Do | really need to explain
why this is NOT okay??

280
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General Wiring
Requirements

Welding cable and automobile cable is not a recognized
wiring method In the NEC.

There are USE/RHW and THW fine-stranded cables that
are available for battery use.

Copyright© WC3 2024 Copyright® WC3 2024

281 282

- | r lelarreificzrzion of L
— =Y ~ \ 7 Ay e
Plne Strzindad Wires B

Conductors more finely stranded than class B or C:

Q If fine stranded wires are
used they must have
terminals identified and ILSCO FE series
listed for such, NEC
110.14.

O The connectors must meet
UL486A&B
(manufacturer listing and
installation info is
required).

‘Burndy YA series

Burndy YE-P-FX
Pin adapter series Violation of
ungrounded wire

identification

Copyright® WC3 2024

See NEC 110.14 and Chapter 9, table 10 for more info on fine stranded conductors.

283 284
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CondUctors of Differant SYstizsimns

2023 NEC, 690.31(B)(1) — Conductors of Different

Systems:

Q If allowed per equipment’s listing, PV dc circuits are
permitted to occupy the same equipment wiring
enclosure, cable, or raceway with non-PV systems or
inverter ac output circuits.

285

[ i .
o Dlrr2r=2s)s

Corrdntacd

690.31(B)(1)).
Copyright® WC3 2024
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Conducrtors of Diffzraie
SVsieins Conilnlsd.

2023 NEC, 690.31(B)(1) continued...

Q Where all conductors or cables have an insulation rating
per the maximum system voltage, the following is
allowed:

= Multiconductor jacketed cables for signaling or power-limited
circuits for PV systems are permitted to be located in the same
conduit (raceway), cable assembly, or enclosure as PV dc
circuits.

= Inverter output (ac) circuits are allowed to occupy the same
junction box, pull box, or wireway as PV dc circuits as long as the

dc circuits are grouped and identified per 690.31(B)(2) and (B)(3).
= PV dc circuits are permitted to occupy the same wiring method as
inverter output (ac) or non-PV system circuits as long as the dc
wiring is part of multiconductor jacketed cables, MC cable, or

listed wiring harnesses.

286

Gutter for AC wiring

Gutter for DC wiring

288
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B oles Sz uznirearilon of o T o
S DO YWiking YWitndn 2 2ullding

DC Yirng Froin AC YWkl

DC wires entering the home or building must be in metal
conduit or be MC cable. NEC 690.31(D) — see exception for
listed PV hazard control systems.

Copyright® WC3 2024
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Nonmetallic sheathed cable
may be left exposed inside a
home only with micro
inverter or AC module
systems and if protected
from damage (this may also
apply to commercial
buildings if nonmetallic
sheathed cable is permitted.

Copyright© WC3 2024
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Conduls raquired jor tne conduciors

(conrilnizcd)

Bonding of conduits

Copyright© WC3 2024

295
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Sonding of cone

A bond bushing is required for metal conduit when the
conduit is not bonded to a properly grounded metal
enclosure. NEC 250.134.
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Junction boxes
or enclosures are
required for any
splicing of
conductors.
NEC 300.15
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Example of possible connectors to

bond the sheath of the MC cable to

the equipment grounding conductor
(see exceptions of NEC 314.3):

=3
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PV Signage
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0 Signs must be
durable and be able
to handle the
environment they are
installed in.

Q Signage cannot be
hand-written.

a The markings must
adequately warn of
the hazard using
effective words and/or
symbols.
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Rapid shutdown sign required per NEC
690.12(D) [previously 690.56(C)].

The sign with the red background (as
shown above) has been removed from
2020 NEC 690.56(C) as a required sign.
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A sign is required at the service equipment
to include the words “CAUTION: MULTIPLE
SOURCES OF POWER.” NEC 705.10.

CAUTION: MULTIPLE
SOURCES OF POWER

(an phone number of off-site
entities servicing the system)

The sign must also note the location of all
power production disconnecting means for
the premises. NEC 705.10.

Copyrighto WC32024
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690.12(D)(1) [previously 690.56(C)(1)] Buildings
with More Than One Rapid Shutdown Type:

Q For buildings that have PV systems with both
rapid shutdown types or a PV system with a
rapid shutdown type and a PV system with no
rapid shutdown, a detailed plan view diagram of
the roof shall be provided showing each
different PV system and a dotted line around
areas that remain energized after the rapid
shutdown switch is operated.
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Example of a plague showing which portion(s) of the PV
system are equipped with rapid shutdown and which are not:
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of the NEC, a sign is required
at the point of interconnection
noting the rated AC output
current (amps) and AC voltage
of the inverter(s). NEC 690.54.

Copyright® WC3 2024
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Per the 2020 and older editions
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Hziold Snlidown Signzige

Q 690.12(D)(2) [previously 690.56(C)(2)] Rapid
Shutdown Switch. A rapid shutdown switch shall have
a label located on or no more than (3 ft) from the switch
that includes the following wording: “RAPID
SHUTDOWN SWITCH FOR SOLAR PV SYSTEM”

O The label shall be reflective, with all letters capitalized
and having a minimum height of 9.5 mm (38 in.), in
white on red background.

Rapid Shutdown Switch

For Solar PV System

Sign located next to the rapid
shutdown disconnect (and must
be reflective)
Copyright® WC3 2024

If the 120% rule of NEC
705.12(B)(2) is utilized and the
breaker is located at the end
of the panel, a sign is required
saying not to relocate such
breaker.

Copyright® WC3 2022
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A sign is required at a string
inverter, or distribution
equipment associated with the
PV system, giving the
maximum DC voltage of the
PV system. NEC 690.7(D)
[previously 690.53].
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690.31(D)(2) — Markings/Labels:

Q There must be provided labels on the exterior of all
exposed raceways, enclosures, boxes, and conduit
bodies. The wording of the labels must state either of
the following: “PHOTOVOLTAIC POWER SOURCE” or
“SOLAR PV DC CIRCUIT.”

Copyright® WC3 2024
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NEC 690.13(B):

O A signis required at any disconnect or electrical box
where both sides of terminals can be energized in the
open position and must state:

WARNING ELECTRIC SHOCK HAZARD
TERMINALS ON THE LINE AND LOAD SIDES

MAY BE ENERGIZED IN THE OPEN POSITION.

Copyright® WC32024
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Doug Smith, MCP, CBO
Cell: 801.550.7630
Office: 801.547.8133
Email: dougs@wc-3.com

315
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Here is an example of an AC
disconnect switch (used for
a PV system) that would
require the following sign:

WARNING ELECTRIC SHOCK HAZARD
TERMINALS ON THE LINE AND LOAD

SIDES MAY BE ENERGIZED IN THE
OPEN POSITION.

NOTE: It's STRONGLY
recommended that only AC
disconnects with dead-fronts
be used for a PV system or
provide alock for the
disconnect!

2/4/2024
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